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What is a Drought?
How to quantify drought
A site’s dryness will be relative to it’s historic past

“To achieve an extreme wet or dry year, the mean
deviation from average precipitation increases as mean
annual precipitation decreases. This is because, in
general, interannual variability in precipitation increases
in more arid regions, and thus, the thresholds required
to achieve statistical extremity also increase.”
-Knapp et al. 2017 Global Change Biol.
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Recent Droughts in the Northeast

Growing season
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September 6, 2016

Recent Droughts in the Northeast

Growing season

149 mm deficit
19% below normal

U.S. Drought Monitor
September 22, 2020

Recent Droughts in the Northeast

Annual total is 158 mm above average

+316 mm
Wettest July on record

128 mm deficit
15% below normal

Most analyses of precipitation trends occur at an
annual timestep, masking seasonal drought events
Climate models predict that the northeastern US will
become wetter on average
BUT – the frequency and intensity of storms are
changing. Rain is projected to occur less often, and in
larger storms.
This can result in more severe short-term droughts,
especially during the growing season.

What Species are Vulnerable to Drought?

Knowledge Gap
• Inconsistencies among studies
• Limited research on NE tree species
• Many existing metrics are qualitative
• Models may not be accurate
Coble et al. 2017 Ecological Processes

Forest Drought Research
Thompson Farm Rainfall
Manipulation Experiment
•

Simulate a 1-in-100 drought

•

55% reduction in throughfall

•

7 consecutive years (2016-22)

•

White pine (~90 years old)

•

Red/black oak (~60 years old)

Asbjornsen et al. 2021 Tree Physiology

Forest Drought Research
Seasonal Drought is Induced by Reducing Soil Moisture

2016 Drought

Hydraulic Sensitivity of White Pine
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Whole-tree water use
Water-limited trees use less water

• Water use is largely dictated by atmospheric demand
• Trees in the drought plots had greater variability
• All trees showed reduction in water use in last 2016

Hydraulic Sensitivity of White Pine

14.7%

Whole-tree water use
White Pine is sensitive to soil water availability
• Soil water content threshold of 14.7% - begins to reduce water usage

• Stomata close to reduce water loss at the expense of C uptake
• Otherwise, water use is largely regulated by atmospheric demand
Control
Drought

10.5%

Oak has a more ‘risky’ strategy
• Weaker relationship with soil water status
• Downregulations occurs at much lower threshold

Photosynthesis

Hydraulic Sensitivity of White Pine
Leaf-level functioning
White Pine
• Reduced photosynthesis in drought treatment

Conductance

• Reduced conductance in drought treatment
• Elevated water use efficiency in the drought treatment in 2016
Oak

Water use efficiency

• Reduced photosynthesis in drought treatment in 2016

• Much higher overall conductance
• Lower overall water use efficiency

Hydraulic Sensitivity of White Pine
Long-term trends in tree water use efficiency
White Pine

• Strong positive correlation of annually integrated WUE to growing season precipitation
Oak
• Long-term WUE is not linked to precipitation

R2=0.74
P=0.02

Hydraulic Sensitivity of White Pine

Loss of Xylem Conductivity (%)

Loss of Xylem Conductivity (%)

Limits and Observed Water Potentials
White Pine
P50= -5.2

•

Tolerates lower water potentials (P50=-5.2 MPa)

•

More conservative in drought (Ψleaf=-1.9 MPa)

•

Greater hydraulic safety margin (3.3 MPa)

Pressure induced (-Mpa)

Oak
P50= -3.3

Pressure induced (-Mpa)

•

More prone to hydraulic failure (P50=-3.3 MPa)

•

More variable stomatal control (Ψleaf=-2.2 MPa)

•

Lower hydraulic safety margin (1.1 MPa)

Growth Sensitivity of White Pine
Wood Growth
All trees exhibited growth declines in 2016 relative to the previous 5-years
• Pine BAI declined ~50% during the 2016 drought, no difference between treatments
• No change in droughted trees the following year, control trees had some recovery
• Oaks also declined, but not as much (18-29%).

Growth Sensitivity of White Pine
Fine Root Growth
Trees allocate more carbon to roots under periods of drought

• Root growth was the same or higher in the drought plots compared to control plots
• In 2016 there is a significant structural effect on the abundance of fine roots

Ecosystem-level Response to Drought
Decomposition of Leaf Litter
Decomposition slows down under drought

After 2 years:
• Control plots lost 63% of mass
• Drought plots lost only 43% of mass

• Overall lag > 1 year due to drought
• Pine breaks down slower than oak

The Role of Drought in Tree Decline
Predisposing factors
• Disposition for sandy, excessively drained soils

• Shallow rooting depth - limited or no tap root
• Grows in high densities – increased resource competition
• Changing climate – warmer, more precipitation variability

Inciting factors
• Drought – anticipated to become more common
• Growth form – weevilled trees with multiple stems
• Native disease pressure – foliar pathogens, Caliciopsis
Manion 1991 Tree Disease Concepts
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